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論 文 内 容 要 旨          
Chapter 1 Introduction 
Silicon Carbide (SiC) has high hardness, high wear resistance, high thermal shock resistance and high oxidation 
resistance. However, the poor sinterability and low fracture toughness of SiC limited the applications of SiC. In 
order to improve the sinterability and mechanical properties of SiC, SiO2 nano-layer as sintering additive was 
coated on SiC powder by rotary chemical vapor deposition (RCVD). Sintering behaviors and mechanical 
properties of SiC-SiO2 composites were investigated. Silica (SiO2) has low thermal expansion coefficient, low 
electrical conductivity, high chemical resistance and high oxidation resistance. SiO2 has low hardness and high 
brittleness. In order to improve the mechanical properties of SiO2, SiC coating was coated on SiO2 powder by 
RCVD. Consolidation and mechanical properties of SiO2-SiC composites were investigated. Diamond has the 
highest hardness and excellent thermal conductivity. The poor sinterability of Diamond limited its applications. In 
this thesis, SiC nano-layer was coated on Diamond powder by RCVD. Consolidations of Diamond-SiC-SiO2, 
Diamond-SiO2, Diamond-SiC composites by SPS were conducted. 
Chapter 2 Preliminary investigation 
The properties and applications of SiC, SiO2, Diamond are stated in this chapter. Preliminary investigations of 
SiC, SiO2, Diamond were conducted. Core-shell powder preparation equipment, rotary chemical vapor deposition 
(RCVD) is introduced in this chapter. RCVD is a technique to prepare core-shell structured composite powder by 
coating nano-layers or nano-particles on raw powders. The RCVD method, which used the weight of powder, had 
no limitation on particle size and powder density. Sintering equipment, spark plasma sintering (SPS) is also 
investigated. The experimental and characterization details in this thesis are written. 
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Figure 1 TEM image of SiO2 coated SiC powder (a) 
prepared by RCVD at t of 7.2 ks and (b) is a high 
magnification of (a). 
Chapter 3 SiC-SiO2 composite by RCVD and SPS 
In this chapter, SiC powders were coated with SiO2 
layers by RCVD. The effects of deposition time, O2 gas 
flow, deposition temperature and total pressure on SiO2 
coating were investigated. We coated SiO2 nano-layer 
on SiC powder and consolidated the SiC-SiO2 
composite powder by SPS. The densification, 
microstructures and hardness of the SiC-SiO2 
composite consolidated using SiC-SiO2 core-shell 
powder were investigated and compared to those of 
composites consolidated using mixture powders of 
SiO2 and SiC. The effects of sintering temperature, SiO2 layer thickness and SiO2 mass content on density, 
microstructure and mechanical properties of SiC-SiO2 composites were also investigated. The high hardness (Hv) 
and high fracture toughness (KIC) SiC-SiO2 composite with mosaic microstructure was obtained. The optimum 
thickness of the SiO2 layer of the SiC(core)/SiO2(shell) powder was 80–100 nm. The SiC(core)/SiO2(shell) 
powder was shown in Figure 1. The highest Hv and KIC were 17.1 GPa and 8.4 MPa m
1/2
, respectively. 
SiC-SiO2 composite powder by RCVD and SiC and SiO2 mixture powder were consolidated at 1923 K by SPS 
with the SiO2 content of 1–35 mass%. SiC-SiO2 composite powder was consolidated to the Dr of 97% with the Hv 
of 17 GPa at the SiO2 content of 22 mass%. The Dr and Hv of the SiC-SiO2 composite using SiC and SiO2 mixture 
powder were 99% and 15 GPa, respectively, at the SiO2 content of 35 mass%, although the Dr of the SiC/SiO2 
composite using SiC and SiO2 mixture powder was 82%, at the SiO2 content of 22 mass%. Dense SiC-SiO2 
composites with 22-35 mass% SiO2 by RCVD showed high Hv (13-17 GPa) and high KIC (8.4-8.9 MPa m
1/2
). 




Nano-sized β-SiC powder was uniformly coated with an amorphous SiO2 layer by RCVD. The thickness of 
SiO2 layer was 10−15 nm, and the SiO2 content in the SiC-SiO2 composite powder was 9 mass%. The presence of 
the SiO2 layer in the bodies formed by the sintering of the SiC-SiO2 composite powder inhibited the phase 
transformation of SiC from 3C to 6H. It also inhibited grain growth in SiC. The relative density and Vickers 
hardness of the sintered SiC/SiO2 bodies increased with increasing sintering temperature. SiC-SiO2 composite 
bodies sintered at 2223 K exhibited the highest density (98.1%) and hardness values (24.4 GPa). 
Chapter 4 SiO2-SiC composite by RCVD and SPS 
In this chapter, SiO2 powders were coated with SiC by RCVD. SiC nano-particles of 20-50 nm were coated on 
SiO2 powder, which was shown in Figure 2. After RCVD, the SiO2-SiC core-shell structure was formed. The SiC 
mass content was 21 mass%. By RCVD, SiO2-SiC core-shell composite powder of SiC mass content ranging from 






, the SiC content showed 






. With increasing deposition temperature 
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Figure 2 FE-SEM image of SiC coated SiO2 powder by 
RCVD and (b) is high magnification of (a). (c) TEM 
image of SiC coated SiO2 powder and (d) is high 
magnification of (c). RCVD was deposited at deposition 







and Ptot = 400 Pa. 
from 985 to 1005 K, the SiC mass content increased from 29 mass% to 35 mass% at 995 K, and then decreased to 






, Ptot = 
400 Pa and t = 7.2 ks, the SiC content obtained the maximum value of 35 mass%.  
The SiO2-SiC core-shell powders of 21 mass% SiC 
was selected to investigate effect of the sintering 
temperature on SiO2-SiC composites. With increasing 
sintering temperature from 1073 to 1873 K, the 
crystallizations of SiO2 from amorphous to cristobalite 
were observed at 1573 to 1823 K.. After SPS sintering, 
no phase transformations were found in SiC. At 1573 to 
1823 K, there were amorphous SiO2, cristobalite and SiC 
in SiO2-SiC composite. With increasing sintering 
temperature from 1073 to 1873 K, the Dr increased at 
first, and then decreased at 1873 K. The Dr were above 
90% at 1573 to 1823 K. The Dr of SiO2-SiC composites 
decreased to 81% at 1873 K. With increasing sintering 
temperature from 1073 to 1873 K, the Hv of SiO2-SiC 
sintered bodies increased at first, and then decreased at 
1873 K. The Hv of SiO2-SiC sintered bodies at 1573 to 
1823 K were above 12 GPa. The dense pure SiO2 
sintered bodies by SPS was about 8 GPa. The Hv of 
dense SiO2-SiC sintered bodies obtained in this work 
was 1.5 times greater than that of dense pure SiO2. 
The high Hv and high fracture toughness (KIC) SiO2-SiC composite with mosaic microstructure was 
consolidated by SPS. The maximum hardness of 16.5 GPa of SiO2-SiC composite was obtained at the SiC content 
of 35 mass% and sintering temperature of 1823 K by SPS, meanwhile the toughness value was 5.4 MPa m
1/2
. 
Chapter 5 Diamond-SiC-SiO2 composite by RCVD and SPS 
In this chapter, Diamond powders were coated with SiC nano-layer by RCVD. The surface of Diamond powder 
was modified by SiC coating by RCVD. Diamond-SiC core-shell powder was shown in Figure 3. With increasing 
deposition temperature (Tdep) from 965 to 1000 K, the content of SiC coating increased from 1 to 24 mass%. At 
Tdep of 990 K, The thickness of amorphous SiC nano-layer was 25 to 30 nm. The SiC mass content was 9 mass%. 
At Tdep of 995 K, The thickness of amorphous SiC nano-layer was 30 to 35 nm. The SiC mass content was 12 
mass%. At Tdep of 1000 K, The thickness of amorphous SiC nano-layer was 30 to 70 nm. And the SiC 
nano-particles of 150-170 nm was produced. The SiC mass content was 24 mass%. 
By sintering pure Diamond powder, the phase transformation from Diamond to graphite in Diamond sintered 
bodies started at 1773 K. The relative density (Dr) of Diamond sintered body at 1823 K showed the maximum 
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Figure 3 TEM image of Diamond-SiC core-shell 
composite powder (a) prepared by RCVD at Tvap = 298 






, Ptot = 
400 Pa and deposition time = 14.4 ks. (b) is a high 
magnification of (a). 
value of 55%. Dense Diamond without graphite 
transformation could not be obtained. By sintering 
Diamond powder coated with SiC, the phase 
transformation from Diamond to graphite in 
Diamond-SiC sintered bodies started at 1873 K. The 
Dr of Diamond-SiC sintered body at 1873 K showed 
the maximum value of 52%. Dense Diamond-SiC 
composite without graphite transformation could 
not be obtained. By sintering Diamond powder 
mixed with SiO2, the phase transformation from 
Diamond to graphite in Diamond-SiO2 sintered 
bodies started at 1923 K. The Dr of Diamond- SiO2 
sintered body at 1873 K showed the maximum value of 83%. Dense Diamond-SiO2 composite without graphite 
transformation could not be obtained. 
The phase transformation from Diamond to graphite in Diamond-SiC-SiO2 sintered bodies started at 1923 K. 
The Hv of Diamond-SiC-SiO2 sintered body at SiO2 content of 35 mass% at 1873 K showed the maximum value 
of 39 GPa, and the corresponding hardness Dr value was 94%. 
Chapter 6 Conclusions 
  This thesis studied the preparation of SiO2 coating on SiC powder, SiC coating on SiO2 powder and SiC coating 
on Diamond powder by rotary chemical vapor deposition. The consolidation and mechanical properties of 
SiC(core)/SiO2(shell) structured composite, SiO2(core)/SiC(shell) structured composite and Diamond-based 
composites by spark plasma sintering (SPS) were investigated. SiC(core)/SiO2(shell) composite powder, 
SiO2(core)/SiC(shell) composite powder and Diamond(core)/SiC(shell) composite powder were prepared by 
RCVD. RCVD is an excellent method to prepare nano-layer or nano-particles on powders. SPS is a good 
processing to fabricate hard and ductile SiC-core/SiO2-shell structured composite, SiO2-core/SiC-shell structured 
composite and ultra-hard Diamond-SiC-SiO2 composite. 
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